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Characterising the tidal stream power resource around France using a high-resolution harmonic database 
Abstract
Although tidal stream energy is highly predictable, the distribution of the resource varies over small spatial scales and over tidal-to-decadal time scales, requiring detailed models and accurate analysis techniques. The present study investigates the spatial and temporal variability of the tidal stream energy resource around France, using a tidal current harmonic database.
The 250 m resolution tidal database covers western Brittany and the western English Channel, two regions that have strong potential for tidal array development. As well as generating a refined resource assessment for the region, a series of simplified parameters are considered to assess resource variability, both spatially and temporally. Particular attention is dedicated to variability over spring-neap time scales (resulting from M 2 and S 2 compound tides) and current asymmetry (governed by M 2 and M 4 velocities).
A clear contrast in the nature of the resource is found between sites located off the Cotentin Peninsula, which exhibit low spring-neap variability and son between predicted and observed tidal currents (Section 3.1), the criteria 74 adopted by Robins et al. [7] , which considers peak current speeds in excess 
Analysis of tidal currents

109
In the tidal database, the current of a given harmonic constituent is rep-
110
resented as eastward and northward components
where (U ,V ) and (φ u ,φ v ) are the associated amplitudes (m) and phases
112
(degrees relative to Greenwich), respectively ( and variation of associated tidal stream currents and, in turn, power. This mathematical problem may be illustrated with the approach of the ellipse 118 semi-major axis (Fig. 3) 
with
nature of the tidal current ellipse is determined from the angle:
which accounts for the ellipticity of the current hodograph 
The direction of the maximum current speed is finally given by 
Over the northwest 
where u f lood and u ebb are the peak velocity vectors during flood and ebb Robins et al. [7] , is adopted here relying on ellipse characteristics: 
where u peak,2 is the maximum of the peak velocity between flood and ebb and provided the best estimates of current amplitude and direction at point #1
232
[17]. Depth-averaged currents are recomposed from the 10 primary harmonic between south-west and north-east directions (Fig. 4) .
239
The evaluation of depth-averaged current amplitude in the western En-240 glish Channel (Fig. 5) In the present study, the criteria adopted for site selection considers the mean spring peak velocities resulting from M 2 and S 2 harmonic cur- (Fig. 6 ).
285
Whereas all sites are characterised by a mean kinetic power density that (Table 3) .
309
Outside of these significant areas, potential tidal stream energy sites oc- western Brittany and to the east of Sark. Over these two regions, the mean 325 power density is estimated at 1.1 and 1.4 kW m −2 , respectively (Table 3) .
326
We investigated the rectilinear/circular nature of tidal currents by focus-327 ing on the ellipticity associated with the principal lunar semi-diurnal compo-328 nent M 2 (Fig. 9) for the installation of horizontal-axis turbines with a fixed orientation.
336
Finally, the capacity factor of a series of horizontal-axis turbines varying 337 in rated power is evaluated in order to provide potential developers further 338 insights into device operating times (Fig. 10) . Indeed, the capacity factor 70% in the Fromveur Strait, the Alderney Race and west of Alderney in 349 relation to higher current speeds ( Fig. 10-a) . The capacity factor is natu- previously identified (Fig. 10-c) . However, the associated averaged power is velocities over the rated speed of the OpenHydro device, with differences in 381 generated power mainly attributed to neap conditions. During neap tides,
382
the maximum generated power is thus estimated at 0.63 MW at point p2,
383
while it is restricted to 0.43 MW at point p1 (Fig. 12) . ported by Pham and Martin [45] .
431
We extracted depth-averaged tidal velocities from M 2 , S 2 and M 4 com-432 ponents, and calculated the associated generated practical power from a hy- 
